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(54) Radiation image read-out apparatus 

(57) In a radiation image read-out apparatus, the 
line sensor has a light receiving face whose width in the 
transverse direction of the line portion of the stimulable 
phosphor sheet exposed to the line stimulating beam Is 
such that 30% to 90% of the amount of stimulated emis- 
sion corresponding to a part of the stimulated emission 



spreading beyond the width of the line stimulating light 
beam as measured on the plane of the light receiving 
face of the stimulated emission detecting means can be 
received by the light receiving face in addition to the 
amount of stimulated emission corresponding to the 
width of the line stimulating light beam. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a radiation inriage 
read-out apparatus which reads out a radiation image 
stored on a stimulable phosphor sheet by the use of a 
line sensor. 

Description of the Related Art 

[0002] When certain kinds of phosphor are exposed 
to a radiation , they store a part of energy of the radiation. 
Then when the phosphor which has been exposed to 
the radiation is exposed to stinnulating rays such as vis- 
ible light or a laser beam, light is emitted from the phos- 
phor in proportion to the stored energy of the radiation. 
A phosphor exhibiting such properties is generally re- 
ferred to as "a stimulable phosphor". In this specifica- 
tion, the light emitted from the stimulable phosphor upon 
stimulation thereof will be referred to as "stimulated 
omission". There has been l<nown a radiation image 
read-out apparatus in which a stimulating light beam 
such as a laser beam is caused to scan a stimulable 
phosphor sheet (a sheet provided with a layer of the 
stimulable phosphor) which has been exposed to a ra- 
diation passing through an object such as a human body 
to have a radiation image of the object stored on the 
stimulable phosphor sheet, the stimulated emission 
emitted from the stimulable phosphor sheet pixel by pix- 
el is photoelectrically detected, thereby obtaining an im- 
age signal (a radiation image signal), and then the stim- 
ulable phosphor sheet is exposed to erasing light after 
the image signal is obtained from the stimulable phos- 
phor sheet so that the residual energy of the radiation 
is fully released from the stimulable phosphor sheet. 
See, for Instance, Japanese Unexamined Patent Publi- 
cation Nos. 55(1 980)-1 2429, 55(1 980)- 11 6340 and 56 
(1981) -104645. 

[0003] The radiation Image signal thus obtained is 
subjected to Image processing such as gradation 
processing and/or frequency processing and a radiation 
Image of the object is reproduced as a visible image on 
the basis of the processed radiation image signal on a 
recording medium such as a photographic film or a dis- 
play such as a CRT. When the stimulable phosphor 
sheet is exposed to erasing light, the residual energy of 
the radiation is fully released from the stimulable phos- 
phor sheet and the stimulable phosphor sheet comes to 
be able to store a radiation image again, whereby the 
stimulable phosphor sheet can be repeatedly used. 
[0004] In the radiation image read-out apparatus, a 
line light source which projects a line beam onto the 
stimulable phosphor sheet is used as a stimulating light 
source and a line sensor having a linear array of photo- 
electric converter elements is used as a means for pho- 



toelectrically reading out the stimulated emission. The 
line beam is moved relative to the stimulable phosphor 
sheet and the line sensor in the direction perpendicular 
to the longitudinal direction of the line beam by a scan- 
5 ning means. The longitudinal direction of the line beam 
is referred to as "the main scanning direction" and the 
direction perpendicular to the longitudinal direction of 
the line beam is referred to as "the sub-scanning direc- 
tion". By the use of a line beam and a line sensor, the 

10 reading time Is shortened, the overall size of the appa- 
ratus can be reduced and the cost can be reduced. See, 
for instance, Japanese Unexamined Patent Publication 
Nos. 60(1 985)-1 11568, 60(1985) -236354, and 1 
(1989)-101540. 

15 [0005] In the case of a transparent stimulable phos- 
phor sheet 50, a stimulable phosphor layer 50a is sup- 
ported by a support sheet 50b transparent to stimulated 
emission M and the line beam L is projected onto the 
stimulable layer side of the stimulable phosphor sheet 

20 50 while the line sensor 21 is disposed on the support 
sheet side of the same to detect the stimulated emission 
M passing through the support sheet 50b as shown In 
Figure 21. In such a transparent stimulable phosphor 
sheet 50, as welt as in a reflective stimulable phosphor 

^5 sheet where the line beam and the line sensor are dis- 
posed on the same side of the stimulable phosphor 
sheet, there is a problem that since the stimulating light 
L is scattered inside the sheet 50 and stimulating emis- 
sion emitted from the phosphor layer 50a upon expo- 
rt? sure to the stimulating light L is also scattered inside the 
sheet 50, the width d^ of the stimulated emission M 
passing through the support sheet 50b becomes larger 
than the width dL of the line beam L. 
[0006] As can be understood from Figure 21, when 

35 the width dp of the line sensor 21 is smaller than the 
width d,^ of the stimulated emission M passing through 
the support sheet SOb, a substantial part of the stimu- 
lated emission M misses the line sensor 21 , that is, the 
stimulated emission accumulating efficiency of the line 

40 sensor 21 is poor, and accordingly, a high quality image 
cannot be obtained. 

[0007] It is important to minimize the amount of stim- 
ulated emission M which misses the line sensor in order 
to obtain a high quality image. 

45 [0008] In Japanese Unexamined Patent Publication 
No. 2000-66316, we have proposed a radiation Image 
read-out apparatus in which stimulated emission M 
emitted from a part of the stimulable phosphor sheet ex- 
posed to a line stimulating beams is detected by a line 

50 sensor comprising a two-dimensional array of photoe- 
lectric converter elements (that is, the line sensor has a 
plurality of photoelectric converter elements in both the 
main scanning direction and the sub-scanning direction) 
in which the sum of the widths of the photoelectric con- 

55 vertor elements in the sub-scanning direction Is sub- 
stantially equivalent to the width d^, of the stimulated 
emission M passing through the support sheet 50b as 
measured on the plane of the light receiving face of the 
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line sensor, and the output of each photoelectric con- 
vertor element for each scanning position is processed 
with respect to the portion of the stimulable phosphor 
sheet, thereby increasing the stinnulated emission accu- 
mulating efficiency. 

[0009] As shown in Figure 22 , the intensity of stimu- 
lated emission M is the most high at the portion corre- 
sponding to the width dL of the stimulating light beam 
and lowers outward. When a plurality of photoelectric 
converter elements are arranged in the sub-scanning di- 
rection so that the sum of the widths of the photoelectric 
convertor elements in the sub-scanning direction is sub- 
stantially equivalent to the width d|^ of the stimulated 
emission M passing through the support sheet as meas- 
ured on the plane of the light receiving face of the line 
sensor, substantially the whole stimulated emission M 
can be accumulated. However, as light becomes weak- 
er, noise becomes relatively stronger, and accordingly, 
noise becomes stronger relatively to the accumulated 
stimulated emission. From the viewpoint of cost, it is not 
preferred to arrange an excessive number of photoelec- 
tric convertor elements in the direction of width of the 
stimulated emission M. 

[0010] In our Japanese Patent Application No. 

2000-21 751 6, there is disclosed a radiation image read- 
out apparatus using a detecting system comprising a 
plurality of line sensors arranged in the sub-scanning 
direction. In the patent application, the width of the de- 
tecting system is not mentioned to. When the width of 
the detecting system is substantially equivalent to the 
width d|y of the stimulated emission M passing through 
the support sheet 50b as measured on the plane of the 
light receiving face of the line sensor, the same problem 
as in the radiation image read-out apparatus disclosed 
in Japanese Unexamined Patent Publication No. 
2000-66316 arises. 

SUMMARY OF THE INVENTION 

[0011] In view of the foregoing observations and de- 
scription, the primary object of the present invention is 
to provide a radiation image read-out apparatus in which 
the stimulated emission accumulating efficiency is im- 
proved and a high quality image is obtained without in- 
creasing noise and without substantially adding to the 
cost. 

[0012] In accordance with the present invention, there 
is provided a radiation image read-out apparatus com- 
prising a line stimulating light beam source which 
projects a line stimulating beam extending in a main 
scanning direction onto a stimulable phosphor sheet 
storing thereon radiation image information, a stimulat- 
ed emission detecting means which receives stimulated 
emission emitted upon exposure to the line stimulating 
beam from line portions of the stimulable phosphor 
sheet exposed to the line stimulating beam and converts 
the amount of stimulated emission received to an elec- 
tric signal, a sub-scanning means which moves the line 
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stimulating beam and the combination of the line sensor 
and the stimulable phosphor sheet relatively to each 
other in a direction (sub-scanning direction) different 
from the main scanning direction, an image signal read- 
5 out means which reads out the output of each photoe- 
lectric convertor element in sequence at the respective 
positions at which the element is moved by the sub- 
scanning means, wherein the improvement comprises 
that 

10 the stimulated emission detecting means has a 

light receiving face whose width in the transverse direc- 
tion of the line portion of the stimulable phosphor sheet 
exposed to the line stimulating beam is such that 30% 
to 90% of the amount of stimulated emission corre- 

15 spending to a part of the stimulated emission spreading 
beyond the width of the line stimulating light beam as 
measured on the plane of the light receiving face of the 
stimulated emission detecting means can be received 
by the light receiving face in addition lo the amount of 

20 stimulated emission corresponding to the width of the 
line stimulating light beam. 

[0013] As the line stimulating light beam source, a flu- 
orescent lamp, a cold cathode fluorescent lamp, an LED 
array and such may be employed. The line stimulating 

25 light beam source need not be like a line itself so long 
as it can emit a line stimulating light beam. For instance, 
a broad area laser may be employed. The stimulating 
light beam may be continuously emitted from the light 
beam source or may be emitted therefrom in a pulse- 

30 like fashion. From the viewpoint of reduction in noise, 
preferably the line stimulating light beam is in the form 
of high output pulsed light. 

[0014] It is preferred that the length of the line stimu- 
lating light beam on the stimulable phosphor sheet be 

35 equivalent to or larger than the length of the side of the 
effective area of the stimulable phosphor sheet parallel 
to the line stimulating light beam. 
[0015] It is suitable that the line stimulating light beam 
is 1 0 to 4000p.m in width as measured on the surface of 

40 the stimulable phosphor sheet. 

[0016] The direction in which the sub-scanning 
means moves the line stimulating beam and the combi- 
nation of the line sensor and the stimulable phosphor 
sheet relatively to each other (will be referred to as "the 

45 sub-scanning direction", hereinbelow) is preferably a di- 
rection substantially perpendicularto the line stimulating 
light beam and the line sensor but may be any direction 
so long as substantially the entire surface of the stimu- 
lable phosphor sheet can be uniformly exposed to the 

50 stimulating light beam. Further, the sub-scanning 
means may move zigzag the line stimulating beam and 
the combination of the line sensor and the stimulable 
phosphor sheet relatively to each other. 
[0017] In one embodiment of the present invention, 

55 as the stimulated emission detecting means, a line sen- 
sor 20 having a one-dimensionaf array of a number of 
photoelectric convertor elements 21 as shown in Figure 
23A is employed. In this case, the image signal read- 
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out means reads out the output of each photoelectric 
converter element in sequence in the respective posi- 
tions to which the element is moved by the sub-scanning 
means. Each of the photoelectric convertor elements 21 
has such a width Wg that 30% to 90% of the amount of 5 
stimulated emission corresponding to a part of the stim- 
ulated emission spreading beyond the width of the line 
stimulating light beam as measured on the plane of the 
light receiving face of the line sensor can be received in 
addition to the amount of stimulated emission corre- 
sponding to the width of the line stimulating light beam. 
It is preferred that the length of the line sensor on the 
stimuiable phosphor sheet be equivalent to or larger 
than the length of the side of the effective area of the 
stimuiable phosphor sheet parallel to the line stimulating 
light beam. 

[0018] It is preferred that the size of each photoelec- 
tric convertor element in the main scanning direction be 
smaller than the size In the direction perpendicular to 

the main scanning direction. 

[0019] In another embodiment of the present inven- 
tion, as the stimulated emission detecting means, a line 
sensor 20' having a two-dimensional array of photoelec- 
tric converter elements 21' as shown in Figure 23B is 
employed. In this case, the image signal read-out 
means is provided with an operation means which car- 
ries out operational processing on the outputs of each 
photoelectric convertor element with respect to the por- 
tions of the stimuiable phosphor sheet. In the line sensor 
20' shown in Figure 23B, a plurality of photoelectric con- 
vertor elements are arranged in both the main scanning 
direction and the direction perpendicular thereto, and 
the sum of the widths of the elements arranged In 
the direction perpendicular to the main scanning direc- 
tion is such that 30% to 90% of the amount of stimulated 
emission corresponding to a part of the stimulated emis- 
sion spreading beyond the width of the line stimulating 
light beam as measured on the plane of the light receiv- 
ing face of the line sensor can be received In addition to 
the amount of stimulated emission corresponding to the 
width of the line stimulating light beam. 
[0020] When the number of photoelectric convertor 
elements Is large to such an extent that Influence of 
transfer rate Is recognizable, shortening of charge ac- 
cumulating time due to increase in charge transfer time 
may be avoided by once storing the charge accumulat- 
ed In each photoelectric convertor element In a memory, 
and reading out the charge from the memory during a 
next charge accumulating cycle. 

[0021] It is preferred that the line sensor includes not 
less than 1 000 photoelectric convertor elements in the 
longitudinal direction thereof, and that the light receiving 
face of the line sensor be not shorter than the corre- 
sponding side of the stimuiable phosphor sheet. 
[0022] Though the line sensor 20' shown in Figure 
23B has a number of photoelectric convertor elements 
21' which are arranged In a straight line in each of the 
longitudinal and transverse directions of the stimulated 
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emission but the photoelectric convertor elements 21' 
may be arranged in other patterns. For example, the 
photoelectric convertor elements 21' may be arranged 
zigzag In the transverse direction of the stimulated emis- 
sion and arranged in a straight line In the longitudinal 
direction, and may be arranged zigzag In the longitudi- 
nal direction of the stimulated emission and arranged in 
a straight line in the transverse direction. 
[0023] Further, the line sensor may comprise a plural- 
ity of sensor chips each comprising a plurality of photo- 
electric convertor elements. In this case, the chips may- 
be arranged in a straight line in the longitudinal direction 
of the line sensor or zigzag in the longitudinal direction 
of the line sensor. From the viewpoint of easiness of 
manufacture, it Is preferred that each sensor chip com- 
prises a plurality of photoelectric convertor elements ar- 
ranged in both the longitudinal direction and the trans- 
verse direction. 

[0024] In still another embodiment of the present In- 
vention, the stimulated emission detecting means com- 
prises a plurality of line sensors arranged in the trans- 
verse direction. In this case, the image signal read-out 
means is provided with an operation means which car- 
ries out operational processing on the outputs of each 
line sensor with respect to the portions of the stimuiable 
phosphor sheet. The line sensors may be disposed 
close to each other, or apart from each other . Further, 
the line sensors may be disposed even on opposite 
sides of the stimuiable phosphor sheet. 
[0025] Figure 23C shows an example of the stimulat- 
ed emission detecting means comprising a plurality of 
line sensors arranged In both the longitudinal direction 
and the transverse direction. That Is, the stimulated 
emission detecting means shown in Figure 23C com- 
prises a pair of line sensors C1 and C2 which are ar- 
ranged in the transverse direction are disposed above 
the stimuiable phosphor sheet 50 and a line sensor C3 
which is disposed below the stimuiable phosphor sheet 
50. The line sensor C1 comprises a number short line 
sensors (e.g., CI a, C1b, C1c), the line sensor C2 com- 
prises a number short line sensors (e.g., C2a, C2b, 
C2c), and the line sensor C3 comprises a number short 
line sensors (e.g., C3a, C3b, C3c). The width of the stim- 
ulated emission detecting means Is equivalent to the 
sum of the widths W1 , W2 and W3 of the respective line 
sensors CI , C2 and C3, and Is such that 30% to 90% 
of the amount of stimulated emission corresponding to 
a part of the stimulated emission spreading beyond the 
width of the line stimulating light beam as measured on 
the plane of the light receiving face of the stimulated 
emission detecting means can be received in addition 
to the amount of stimulated emission corresponding to 
the width of the line stimulating light beam. 
[0026] As the line sensor, an amorphous silicon sen- 
sor, a CCD sensor, a CCD sensor with a back illumina- 
tor, a MOS image sensor and such can be employed. 
[0027] The operational processing which the Image 
signal read-out means carries out on the outputs of the 
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photoelectric convertor element may be simple addition, 
weighted addition or such. In such a case, the innage 
signal read-out means may be an adder. 
[0028] The expression "the amount of stimulated 
emission corresponding to a part of the stimulated emis- 
sion spreading beyond the width of the line stimulating 
light beam as measured on the plane of the light receiv- 
ing face of the line sensor" means as follows. That is, 
the stimulated emission emitted from a portion of the 
stimulable phosphor sheet exposed to a line stimulating 
light beam of a first width generally spread and becomes 
wider than the first width as measured on the plane of 
the tight receiving face of the line sensor. The width of 
the line stimulating light beam as measured on the stim- 
ulable phosphor sheet will be sometimes referred to as 
"the irradiation width", hereinbelow. "A part of the stim- 
ulated emission spreading beyond the width of the line 
stimulating light beam as measured on the plane of the 
light receiving face of the line sensor" means the part 
by which the stimulated emission spreads beyond the 
width of the line stimulating light beam as measured on 
the plane of the light receiving face of the line sensor". 
When an enlargement/reduction optical system is in- 
serted between the stimulable phosphor sheet and the 
line sensor, the width of the stimulated emission should 
be compared with the first width as enlarged or reduced 
by the enlargement/reduction optical system. 
[0029] The irradiation width is a width of the line stim- 
ulating light beam as measured on the surface of the 
stimulable phosphor sheet. Ideally, the stimulating light 
beam does not diverge as shown by the broken line in 
Figure 24 but actually somewhat diverges as shown by 
the solid line in Figure 24. Accordingly, "the width of the 
line stimulating beam" or "the irradiation width" is de- 
fined to be the distance between positions in which the 
intensity of the stimulating light beam becomes 1/e of 
the original intensity as denoted by dL in Figure 24. 
[0030] The hatched part in Figure 25A shows the 
whole amount (100%) of stimulated emission corre- 
sponding to a part of the stimulated emission spreading 
beyond the irradiation width dL as measured on the 
plane of the light receiving face of the stimulated emis- 
sion detecting means. The hatched part d^ip in Figure 
25B shows 30% of stimulated emission corresponding 
to a part of the stimulated emission spreading beyond 
the irradiation width d^ as measured on the plane of the 
light receiving face of the stimulated emission delecting 
means. The hatched part dj^^g^^ in Figure 25C shows 90% 
of stimulated emission corresponding to a part of the 
stimulated emission spreading beyond the irradiation 
width dL as measured on the plane of the light receiving 
face of the stimulated emission detecting means. 
[0031] Spread of the stimulated emission is preferably 
measured in the following manner. That is, a stimulable 
phosphor sheet is exposed to the line stimulating light 
beam with the area to be exposed being limited by a 
lead plate and the stimulated emission is received by a 
CCD or photographic film. Then spread of the stimulated 



emission is measured in the term of the value of a count 
in the case of the CCD and in the term of the density 
distribution measured by a micro densitometer after de- 
velopment in the case of the photographic film. 
5 [0032] It is preferred that the stimulable phosphor 
sheet be an anisotropic stimulable phosphor sheet 
which emits the stimulated emission in a direction in- 
clined at a predetermined angle to the direction of thick- 
ness of the sheet. 

[0033] It is further preferred that the anisotropic stim- 
ulable phosphor sheet be formed by anisotropic depo- 
sition. 

[0034] It is preferred that a collector optical system for 
collecting the stimulated emission on the light receiving 
face of the stimulated emission detecting means be dis- 
posed between the stimulable phosphor sheet and the 
stimulated emission detecting means. As such a collec- 
tor optical system, may be employed a refractive index 
profile type lens array such as a SELFOC® lens array 
which is formed by an imaging system where the object 
plane and the image plane are in one to one correspond- 
ence, a rod lens array and the like, a cylindrical lens, a 
slit, an optical fiber bundle or a combination of these op- 
tical elements be disposed between the stimulable 
phosphor sheet and the line sensor. 
[0035] Further the stimulated emission accumulating 
efficiency may be increased by bringing the stimulable 
phosphor sheet and the stimulated emission detecting 
means into a close contact with each other without in- 
serting an imaging system. In such a case, an optical 
fiber bundle may be provided between the stimulable 
phosphor sheet and the stimulated emission detecting 
means to guide the stimulated emission from the stim- 
ulable phosphor sheet to the light receiving face of the 
stimulated emission detecting means. 
[0036] It is further preferred that a stimulating light cut 
filter (a sharp cut filter, a band pass filter and such) which 
does not transmit the stimulating light but transmits the 
stimulated emission be provided between the stimulable 
phosphor sheet and the stimulated emission detecting 
means to prevent the stimulating light from entering the 
stimulated emission detecting means. 
[0037] In accordance with the present invention, the 
stimulated emission accumulating efficiency can be 
moderately increased and a high quality image can be 
obtained without increasing noise and without substan- 
tially adding to the cost. 

[0038] When a line sensor having a number of photo- 
electric convertor elements one-dimensionally arranged 
in the main scanning direction (the longitudinal direction 
of the stimulate emission) is employed as the stimulated 
emission detecting means, the apparatus can be simple 
in structure. In this case, when the size of each photo- 
electric convertor element in the longitudinal direction is 
smaller than that in the transverse direction, the stimu- 
lated emission accumulating efficiency can be in- 
creased without deteriorating the reading density (pixel 
density). 
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[0039] When a line sensor having a number of photo- 
electric converter elements two-dimensionally arranged 
in the longitudinal direction and the transverse direction 
is ennployed as the stimulated emission detecting 
means, difficulties In making large size photoelectric 
converter elements can be avoided since a large size 
photoelectric converter element can be fonned by a plu- 
rality of small size photoelectric converter elements. 
[0040] When the stimulable phosphor sheet is an an- 
isotropic stimulable phosphor sheet which emits the 
stimulated emission in a direction inclined at a predeter- 
mined angle to the direction of thickness of the sheet, 
spread of stimulated emission itself is suppressed and 
accordingly the stimulated emission accumulating effi- 
ciency can be further increased. 

[0041] When the anisotropic stimulable phosphor 
sheet is formed by anisotropic deposition , the purity of 
the stimulable phosphor can be Increased and the stim- 
ulated emission emitting efficiency can be Increased, 
which increases the stimulated emission accumulating 
efficiency. Further, the anisotropic stimulable phosphor 
sheet formed by anisotropic deposition is more easy to 
control as compared with anisotropic stimulable phos- 
phor sheets formed by other methods. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] 

Figure 1 is a schematic perspective view showing 
a radiation image read-out apparatus in accordance 
with a first embodiment of the present invention, 
Figure 2 is a cross-sectional view taken along line 
l-I in Figure 1, 

Figure 3 is a view showing in detail the line sensor 
of the radiation image read-out apparatus of the first 
embodiment, 

Figure 4 is a schematic view for illustrating a method 
of measuring spread of stimulated emission, 
Figures 5A and 5B are views showing the distribu- 
tion of the amount of stimulated emission In the 
over-spread part for the stimulable phosphor sheet 
employed in the first embodiment as measured by 
the method shown in Figure 4, 
Figure 6 is a view for illustrating a radiation image 
read-out apparatus in accordance with a second 
embodiment of the present invention, 
Figure 7 is a view for illustrating a radiation image 
read-out apparatus in accordance with a third em- 
bodiment of the present invention, 
Figure 8 is a schematic perspective view showing 
a radiation image read-out apparatus in accordance 
with a fourth embodiment of the present invention, 
Figure 9 is a view showing in detail the line sensor 
of the radiation image read-out apparatus of the 
fourth embodiment; 

Figures 10 to 13 are views for illustrating operation 
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of the radiation image read-out apparatus of the 
fourth embodiment, 

Figures 14 and 15 are views illustrating modifica- 
tions of an-angement of the photoelectric converter 

elements in the line sensor, 

Figures 1 6A to 1 61 are views for illustrating various 
ways of fonning a long line sensor by a plurality of 
small sensor chips, 

Figure 1 7 Is a cross-sectional view for illustrating a 
radiation image read-out apparatus in accordance 
with a fifth embodiment of the present invention, 
Figure 18 is a cross-sectional view taken along line 
l-l in Figure 17, 

Figure 19 is a view illustrating in detail the image 
signal read-out means, 
Figure 20 is a view for illustrating a modification of 
the fifth embodiment, 

Figure 21 Is a view for Illustrating spread of the stim- 
ulated emission. 

Figure 22 is a view showing a typical intensity dis- 
tribution of the stimulated emission, 
Figures 23A to 23C are views for illustrating various 
examples of the image signal read-out means 
which can be employed in the present invention, 
Figure 24 is a view for illustrating the width of the 
stimulating light beam, and 

Figures 25A to 25C are views for illustrating the 
amount of stimulated emission corresponding to a 
part of the stimulated emission spreading beyond 
the width of the line stimulating light beam. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] In Figures 1 to 3, a radiation image read-out 
apparatus in accordance with a first embodiment of the 
present invention comprises an endless belt (a sub- 
scanning means) 40 which conveys a stimulable phos- 
phor sheet 50 (storing thereon a radiation image) in the 
direction of arrow Y; a broad area laser 11 which emits 
a line stimulating light beam L 1 00|im wide in parallel to 
the surface of the stimulable phosphor sheet 50; an op- 
tical system 12 formed by a combination of a collimator 
lens which condenses the line stimulating light beam L 
emitted from the broad area laser 11 and a toric lens 
which spreads the light beam only in one direction; a 
dichroic mirror 14 which is inclined at 45** to the surface 
of the stimulable phosphor sheet 50 and transmits stim- 
ulated emission M while reflecting the line stimulating 
light beam L; a first a SELFOC lens array 15 which is 
an array of a plurality of refractive index profile type lens- 
es, converges the line stimulating light beam L reflected 
by the dichroic mirror 1 4 to impinge upon the stimulable 
phosphor sheet 50 in a pattern of a line about 1 00|j.m 
wide extending in the direction of arrow X and collimates 
into a parallel light bundle stimulated emission M emit- 
ted from the part of the stimulable phosphor sheet 50 
exposed to the line stimulating light beam; a second 
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SELFOC lens array 1 6 which converges the stimulated 
emission M which passes through the dichroic mirror 1 4 
onto the light receiving face of a line sensor 20 ; a stim- 
ulating light cut filter 17 which cuts the stimulating light 
L in the stimulated emission N passing through the sec- s 
ond SELFOC lens array 16; the line sensor 20 which 
has an array of photoelectric converter elements 21 
which receive the stimulated emission M and convert it 
into an electric image signal; and an image signal read- 
ing means 30 which outputs the image signals output io 
from the respective photoelectric converter elements 
21. 

[0044] The first SELFOC lens array 15 images a light 
emitting region of the stimulable phosphor sheet 50 on 
the dichroic mirror 14 in a natural size, and the second is 
SELFOC lens array 16 transfers the image of the light 
emitting region of the stimulable phosphor sheet 50 on 
the dichroic mirror 14 to the light receiving face of the 
line sensor 20 in a natural size. 

[0045] The optical system 12 formed by the collimator 20 
lens and the toric lens enlarges the image of the line 
stimulating light beam L from the broad area laser 11 to 
a desired size, thereby changing the irradiation size. 
[0046] As shown in Figure 3, the line sensor 20 com- 
prises a number of photoelectric convertor elements (e. ^5 
g.. 1000 or more) photoelectric convertor elements 21 
arranged in the direction of arrowX. Each photoelectric 
convertor element 21 is extended in the direction of ar- 
row Y so that 30% to 90% of the amount of stimulated 
emission corresponding to a part of the stimulated emis- 30 
sion spreading beyond the width of the line stimulating 
light beam as measured on the plane of the light receiv- 
ing face of the line sensor can be received by the line 
sensor. Each photoelectric convertor element 21 may 
be, for instance, an amorphous silicon sensor, a CCD 35 
sensor or a MOS image sensor. 

[0047] Spread of the stimulated emission may be 
measured in various ways. For example, it may be 
measured in the manner shown in Figure 4. As shown 
in Figure 4, a part of the stimulable phosphor sheet 50 ^0 
is first covered with a lead plate 60, thereby defining a 
region to be exposed to the stimulating light, in this state, 
a stimulating light spot or a line stimulating light beam 
is caused to scan the entire surface of the stimulable 
phosphorsheet 50, and then the whole stimulated emis- ^5 
sion is projected onto a CCD 80 through an optical sys- 
tem 70. The CCD 80 has a light receiving face sufficient- 
ly wide to receive the whole stimulated emission Includ- 
ing the part d^ of the stimulated emission spreading be- 
yond the width of the region defined to be exposed to so 
the stimulating light (will be referred to as "the over- 
spread part dy^", hereinbelow). 

[0048] Figure 5A shows the distribution of the amount 
of stimulated emission in ratio in the over-spread part 
dy^ for the stimulable phosphor sheet 50 employed in 55 
this embodiment as measured by the method shown in 
Figure 4, and Figure 5B shows the distribution of the 
amount of stimulated emission in integrated value in the 
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over-spread part d^ for the stimulable phosphor sheet 
50 employed in this embodiment as measured by the 
method shown in Figure 4. As can be seen from Figures 
5A and SB, in this particular embodiment, since the 
width of the line stimulating tight beam Is 1 00|im, in order 
to receive 30% (dw=75|im) to 90% {dw=500nm) of the 
amount of stimulated emission corresponding to the 
over-spread part d^, the width W of the photoelectric 
convertor element arranged in the direction of arrow Y 
should be 250|im to llOOjim according to the following 
formula. 

W=dL+2xdw (1) 

[0049] Since the distribution of the amount of stimu- 
lated emission in the over-spread part d^ on only one 
side can be obtained by the method shown in Figure 4, 
dyv is doubled in fomnula (1). 

[0050] Operation of the radiation image read-out ap- 
paratus of this embodiment will be described, hereinbe- 
low. 

[0051] The endless belt 40 is driven to convey the 
stimulable phosphor sheet 50 stored thereon a radiation 
image in the direction of arrow Y in Figure 1 . While the 
broad area laser 11 emits a line stimulating light beam 
L about 1 0O^m wide substantially in parallel to the sur- 
face of the stimulable phosphor sheet 50. The line stim- 
ulating light beam L is converted to a parallel light beam 
by the optical system 1 2 (the collimator lens and thetoric 
lens) and reflected by the dichroic mirror 1 4 to impinge 
upon the stimulable phosphor sheet 50 in perpendicular 
thereto after condensed by the first SELFOC lens array 
15 into a line beam about 100|.im wide (dL=about 
100|xm) which extends in the direction of arrow X on the 
surface of the stimulable phosphor sheet 50. 
[0052] The line stimulating light beam L impinging up- 
on the stimulable phosphorsheet 50 stimulates the stim- 
ulable phosphor in the area corresponding to its width 
dL and at the same time is scattered inside the stimula- 
ble phosphor sheet 50 to stimulate also the stimulable 
phosphor near the area corresponding to the width d|_. 
As a result, the stimulated emission M is emitted from 
the area corresponding to the width dL and the area ad- 
jacent thereto in proportion to the amount of radiation 
energy stored thereon. The stimulated emission M is 
made to a parallel light bundle by the first SELFOC lens 
array 15, is transmitted through the dichroic mirror 14 
and enters the second SELFOC lens array 1 6. Then the 
stimulated emission M is converged onto the light re- 
ceiving faces of photoelectric convertor elements 21 by 
the second SELFOC lens array 1 6. At this time, the stim- 
ulating light beam L reflected by the surface of the stim- 
ulable phosphor sheet 50 is cut by the stimulating light 
cut filter 1 7. 

[0053] As shown in Figure 3, the line sensor 20 re- 
ceives 30% of the amount of stimulated emission M cor- 
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responding to the over-spread part dy^, of course, in ad- 
dition to the amount of stimulated emission correspond- 
ing to the width di_ of the line stimulating light beam L. 
[0054] Though, in this embodiment, the optical sys- 
tem between the stimulable phosphor sheet 50 and the 
line sensor 20 is a 1:1 imaging optical system for the 
purpose of simplicity, the optical system may be an en- 
largement/reduction optical system. In such a case, the 
size of each photoelectric converter elements and the 
number of the photoelectric converter element arrays in 
the transverse direction of the line sensor may be de- 
termined according to the ratio of reduction or enlarge- 
ment. 

[0055] The signals obtained by photoelectric conver- 
sion of the stimulated emission M received by the pho- 
toelectric converter elements 21 are input into an exter- 
nal Image processing apparatus or the like by way the 
Image signal read-out means 30 and a radiation image 
is reproduced on the basis of the image signals. 
[0056] Thus, in the radiation image read-out appara- 
tus of this embodiment, 30% of the amount of stimulated 
emission M corresponding to the over-spread part dy^, 
In addition to the amount of stimulated emission corre- 
sponding to the width dL of the line stimulating light 
beam L, is received by the line sensor 20 the width (dp) 
of which is set according to the width (d^^) of the stimu- 
lated emission M as measured on the plane of the light 
receiving face of the line sensor 20. Accordingly, the 
stimulated emission M corresponding to the over- 
spread part can be efficiently accumulated without in- 
creasing noise and without substantially adding to the 
cost. 

[0057] When the size of each photoelectric converter 
element 21 in the longitudinal direction is smaller than 
that in the transverse direction in the radiation image 
read-out apparatus of this embodiment, the stimulated 
emission accumulating efficiency can be increased 
without deteriorating the reading density (pixel density). 
[0058] Further, in the radiation image read-out appa- 
ratus of the first embodiment, the optical system is ar- 
ranged so that the path of the stimulating light beams L 
partly overlaps with the path of the stimulated emission 
M in order to reduce the overall size of the apparatus, 
the optical system need not be limited to such an ar- 
rangement. For example, an optical system In which the 
path of the stimulating light beams L does not overtap 
with the path of the stimulated emission M as shown in 
Figure 6 may be employed. 

[0059] The radiation image read-out apparatus in ac- 
cordance with a second embodiment of the present in- 
vention shown in Figure 6 comprises an endless belt 40 
for conveying the stimulable phosphor sheet 50, a broad 
area laser 11 which emits a line stimulating light beam 
L at about 45* to the surface of the stimulable phosphor 
sheet 50, an optical system 12 which is formed by a 
combination of a collimator lens which condenses the 
line stimulating light beam L emitted from the broad area 
laser 11 and a toric lens which spreads the light beam 



only in one direction and projects the line stimulating 
light beam L onto the surface of the stimulable phosphor 
sheet 50; a SELFOC lens array 16 the optical axis of 
which Is at about 45* to the surface of the stimulable 

5 phosphor sheet 50 and about 90** to the direction of trav- 
el of the line stimulating light beam L and which con- 
verges the stimulated emission M emitted from the stim- 
ulable phosphor sheet 50 upon exposure to the stimu- 
lating light L onto the light receiving face of a line sensor 

10 20; a stimulating light cut filter 1 7 which cuts the stimu- 
lating light L in the stimulated emission N entering the 
SELFOC lens array 1 6; the line sensor 20 which has an 
array of photoelectric converter elements 21 which re- 
ceive the stimulated emission M and convert it into an 

15 electric image signal; and an image signal reading 
means 30 which reads the signals S from the respective 
photoelectric converter elements and outputs the sig- 
nals to an external image processing apparatus or the 
like. 

20 [0060] The SELFOC lens array 1 6 images a light emit- 
ting region of the stimulable phosphor sheet 50 on the 
light receiving face of the line sensor 20 in a natural size, 
and the optical system 12 formed by the collimator lens 
and the toric lens enlarges the image of the line stimu- 

25 latlng light beam L from the broad area laser 11 to a de- 
sired size, thereby changing the irradiation size. 
[0061] Operation of the radiation image read-out ap- 
paratus of this embodiment will be described, hereinbe- 
low. 

30 [0062] The endless belt 40 is driven to convey the 
stimulable phosphor sheet 50 stored thereon a radiation 
image in the direction of arrow Y in Figure 6. 
[0063] While the broad area laser 1 1 emits a line stim- 
ulating light beam L about 100 |im wide substantially at 

35 45«» to the surface of the stimulable phosphor sheet 50. 
The line stimulating light beam L is converted to a par- 
allel light beam by the optical system 12 (the collimator 
lens and the toric lens) and caused to impinge upon the 
surface of the stimulable phosphor sheet 50 at about 

40 45° thereto. At this time, the stimulating light beam L 
irradiates a linear region on the stimulable phosphor 
sheet 50 about 100|xm wide (dL=about lOOM-m) which 
extends in the direction of arrow X. 
[0064] The line stimulating light beam L impinging up- 

45 on the stimulable phosphor sheet 50 stimulates the stim- 
ulable phosphor in the area corresponding to its width 
dL and at the same time is scattered inside the stimula- 
ble phosphor sheet 50 to stimulate also the stimulable 
phosphor near the area corresponding to the width dL- 

50 As a result, the stimulated emission M is emitted from 
the area corresponding to the width dL and the area ad- 
jacent thereto in proportion to the amount of radiation 
energy stored thereon. The stimulated emission M 
passes through the stimulating light cut filter 1 7 and en- 

55 ters the SELFOC lens array 16. Then the stimulated 
emission M is converged onto the light receiving faces 
of photoelectric convertor elements 21 . The stimulating 
light beam L reflected by the surface of the stimulable 
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phosphor sheet 50 is cut by the stimulating light cut filter 
17. 

[0065] Also, in the radiation image read-out apparatus 
of this embodiment, 30% of the amount of stimulated 
emission M corresponding to the over-spread part dw, ^ 
in addition to the amount of stimulated emission corre- 
sponding to the width dL of the line stimulating light 
beam L, is received by the line sensor 20 the width (dp) 
of which is set according to the width (d|^) of the stimu- 
lated emission M as measured on the plane of the light 
receiving face of the line sensor 20. Accordingly, the 
stimulated emission M corresponding to the over- 
spread part can be efficiently accumulated without in- 
creasing noise and without substantially adding to the 
cost. 

[0066] Though, in the first and second embodiments 
described above, the line stimulating light beam L is pro- 
jected onto the same surface of the stimulable phosphor 
sheet 50 as that the tine sensor 20 is opposed to, the 
line stimulating light beam L may be projected onto the 
surface of the stimulable phosphor sheet 50 opposite to 
that the line sensor 20 Is opposed to as shown in Figure 
7. In the latter case, the support film or the substrate on 
which the stimulable phosphor layer is formed should 
be transparent to the stimulated emission M. 
[0067] The radiation image read-out apparatus in ac- 
cordance with a third embodiment of the present inven- 
tion shown in Figure 7 comprises an endless belt 40 for 
conveying the stimulable phosphor sheet 50, a broad 
area laser 11 which emits a line stimulating light beam 
L substantially in perpendicular to the surface of the 
stimulable phosphor sheet 50, an optical system 
12which is formed by a combination of a collimator tens 
which condenses the line stimulating light beam L emit- 
ted from the broad area laser 11 and a toric lens which 
spreads the light beam only in one direction and projects 
the line stimulating light beam L onto the upper surface 
of the stimulable phosphor sheet 50; a SELFOC lens 
array 1 6 the optical axis of which is at about 90** to the 
surface of the stimulable phosphor sheet 50 and which 
converges the stimulated emission M emitted from the 
lower side of the stimulable phosphor sheet 50 upon ex- 
posure to the stimulating tight L onto the light receiving 
face of a line sensor 20; a stimulating light cut filter 17 
which cuts the stimulating light L In the stimulated emis- 
sion N entering the SELFOC lens array 1 6; the line sen- 
sor 20 which has an array of photoelectric convenor el- 
ements 21 which receive the stimulated emission M and 
convert it into an electric image signal; and an image 
signal reading means 30 which reads the signals S from 
the respective photoelectric converter elements and 
outputs the signals to an external image processing ap- 
paratus or the like. The broad area laser 11 and the op- 
tical system 12 are on one side of the stimulable phos- 
phor sheet 50 (above the stimulable phosphor sheet 50) 
and the stimulating light cut filter 17, the SELFOC lens 
array 1 6 and the tine sensor 20 are on the other side of 
the stimulable phosphor sheet 50 (below the stimulable 
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phosphor sheet 50). 

[0068] The SELFOC lens array 1 6 images a light emit- 
ting region of the stimulable phosphor sheet 50 on the 
tight receiving face of the tine sensor 20 in a natural size, 
and the optical system 12 formed by the collimator tens 
and the toric lens enlarges the image of the tine stimu- 
lating light beam L from the broad area laser 11 to a de- 
sired size, thereby changing the irradiation size. 
[0069] Operation of the radiation image read-out ap- 
paratus of this embodiment will be described, hereinbe- 
low. 

[0070] The endless belt 40 is driven to convey the 
stimulable phosphor sheet 50 stored thereon a radiation 
image in the direction of arrow Y in Figure 7. 
[0071 ] While the broad area laser 1 1 emits a line stim- 
ulating light beam L about 1 00|j.m wide substantially in 
perpendicular to the surface of the stimulable phosphor 
sheet 50. The line stimulating light beam L is converted 
to a parallel light beam by the optical system 12 (the 
collimator lens and the toric lens) and caused to impinge 
upon the surface of the stimulable phosphor sheet 50 
substantially in perpendicular thereto. At this time, the 
stimulating light beam L irradiates a linear region on the 
stimulable phosphor sheet 50 about lOOjxm wide 
(d^^about lOO^im) which extends in the direction of ar- 
row X. 

[0072] The line stimulating light beam L impinging up- 
on the stimulable phosphor sheet 50 stimulates the stim- 
ulable phosphor in the area corresponding to its width 
d^ and at the same time is scattered inside the stimula- 
ble phosphor sheet 50 to stimulate also the stimulable 
phosphor near the area corresponding to the width dL. 
As a result, the stimulated emission M is emitted from 
the area corresponding to the width dL and the area ad- 
jacent thereto in proportion to the amount of radiation 
energy stored thereon . A part of the stimulated emission 
M emanates downward from the stimulable phosphor 
sheet 50. The stimulated emission Memanating down- 
ward from the stimulable phosphor sheet 50 passes 
through the stimulating light cut filter 17 and enters the 
SELFOC lens array 16. Then the stimulated emission 
M is converged onto the tight receiving faces of photo- 
electric converter elements 21. The stimulating tight 
beam L reflected by the surface of the stimulable phos- 
phor sheet 50 is cut by the stimulating light cut filter 17. 
[0073] Also, in the radiation image read-out apparatus 
of this embodiment, 30% of the amount of stimulated 
emission M corresponding to the over-spread part dy^, 
in addition to the amount of stimulated emission corre- 
sponding to the width dL of the line stimulating light 
beam L, is received by the line sensor 20 the width (dp) 
of which is set according to the width (d^^) of the stimu- 
lated emission M as measured on the plane of the light 
receiving face of the tine sensor 20. Accordingly, the 
stimulated emission M corresponding to the over- 
spread part can be efficiently accumulated without in- 
creasing noise and without substantially adding to the 
cost. 
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[0074] A radiation image read-out apparatus in ac- 
cordance with a fourth embodiment of the present in- 
vention will be described with reference to Figures 8 and 
9, hereinbelow. In Figures 8 and 9, the radiation image 
read-out apparatus comprises an endlessbelt (a sub- 
scanningmeans) 40 which conveys a stimulable phos- 
phor sheet 50 (storing thereon a radiation image) in the 
direction of arrow Y; a broad area laser 11 which emits 
a line stimulating light beam L lOO^im wide in parallel to 
the surface of the stimulable phosphor sheet 50; an op- 
tical system 12 formed by a combination of a collimator 
lens which condenses the line stimulating light beam L 
emitted from the broad area laser 11 and a toric lens 
which spreads the light beam only in one direction; a 
dichroic mirror 1 4 which is inclined at 45" to the surface 
of the stimulable phosphor sheet 50 and transmits stim- 
ulated emission M while reflecting the line stimulating 
light beam L: a first a SELFOC lens array 15 which is 
an array of a plurality of refractive index profile type lens- 
es, converges the line stimulating light beam L reflected 
by the dichroic mirror 1 4 to impinge upon the stimulable 
phosphor sheet 50 in a pattern of a line about 100|j,m 
wide extending in the direction of arrow X and collimates 
into a parallel light bundle stimulated emission M omit- 
ted from the part of the stimulable phosphor sheet 50 
exposed to the line stimulating light beam; a second 
SELFOC lens array 1 6 which converges the stimulated 
emission M which passes through the dichroic mirror 14 
onto the light receiving face of a line sensor 20; a stim- 
ulating light cut filter 17 which cuts the stimulating light 
L in the stimulated emission M passing through the sec- 
ond SELFOC lens array 16; the line sensor 20 which 
has an array of photoelectric converter elements 21 
which receive the stimulated emission M and convert it 
into an electric image signal; an adder means 31 which 
adds up the signals output from the respective photoe- 
lectric converter elements 21 with respect to the portions 
of the stimulable phosphor sheet 50 and an image signal 
reading means 30a which outputs an image signal ob- 
tained by addition of the signals. 

[0075] The first SELFOC lens array 15 images a light 
emitting region of the stimulable phosphor sheet 50 on 
the dichroic mjrror 14 in a natural size, and the second 
SELFOC lens array 16 transfers the image of the light 
emitting region of the stimulable phosphor sheet 50 on 
the dichroic mirror 14 to the light receiving face of the 
line sensor 20 in a natural size. 

[0076] The optical system 1 2 formed by the collimator 
lens and the toric lens enlarges the image of the line 
stimulating light beam L from the broad area laser 11 to 
a desired size. 

[0077] As shown in Figure 9, the line sensor 20 com- 
prises a plurality of photoelectric convenor element ar- 
rays arranged in the direction of conveyance of the stim- 
ulable phosphor sheet 50 (in the direction of arrow Y) 
each array comprising a number of (e.g., 1000 or more) 
photoelectric converter elements 21 arranged in the di- 
rection of arrowX. Each photoelectric con vertor element 



21 may be, for instance, an amorphous silicon sensor, 
a CCD sensor or a MOS image sensor, and has a light 
receiving face of about 1 0Ojimxl 00|im. The number of 
the photoelectric converter element arrays in the direc- 
5 tion of arrow Y is set so that 30% to 90% of the amount 
of stimulated emission corresponding to a part of the 
stimulated emission spreading beyond the width of the 
line stimulating light beam as measured on the plane of 
the light receiving face of the line sensor can be received 
10 by the line sensor. 

[0078] As can be seen from Figures 5A and 5B, In this 
particular embodiment, since the width of the line stim- 
ulating light beam Is lOO^im, in order to receive 30% 
(dw=75|xm) to 90% (dvy=500|xm) of the amount of stim- 
15 ulated emission corresponding to the over-spread part 
dyy, the sum W of the widths of the photoelectric con- 
verter elements arranged in the direction of arrow Y 
should be 250p.m to llOOjim, which corresponds to 
three to eleven photoelectric converter element arrays 
arranged in the direction of arrow Y, according to the 
aforesaid formula (1). 

[0079] In this particular embodiment^ three photoelec- 
tric converter element arrays should be arranged in the 
direction of arrow Y. 

[0080] Operation of the radiation image read-out ap- 
paratus of this embodiment will be described, hereinbe- 
low. 

[0081] The endless belt 40 is driven to convey the 
stimulable phosphor sheet 50 stored thereon a radiation 
image in the direction of arrow Y in Figure 1 . The speed 
of the endless belt 40 or the stimulable phosphor sheet 
50 is input into the adder means 31 , 
[0082] While the broad area laser 11 emits a line stim- 
ulating light beam L about 100|am wide substantially in 
parallel to the surface of the stimulable phosphor sheet 
50. The line stimulating light beam L is converted to a 
parallel light beam by the optical system 12 (the colli- 
mator lens and the toric lens) and reflected by the dich- 
roic mirror 14 to impinge upon the stimulable phosphor 
sheet 50 in perpendicular thereto after condensed by 
the first SELFOC lens array 15 into a line beam about 
1 0Ojtm wide (dL=about 1 00|im) which extends in the di- 
rection of arrow X on the surface of the stimulable phos- 
phor sheet 50. 

[0083] The line stimulating light beam L impinging up- 
on the stimulable phosphor sheet 50 stimulates the stim- 
ulable phosphor in the area corresponding to its width 
dL and at the same time is scattered Inside the stimula- 
ble phosphor sheet 50 to stimulate also the stimulable 
phosphor near the area corresponding to the width d|_. 
As a result, the stimulated emission M is emitted from 
the area corresponding to the width dL and the area ad- 
jacent thereto in proportion to the amount of radiation 
energy stored thereon. The stimulated emission M is 
made to a parallel light bundle by the first SELFOC lens 
array 15, is transmitted through the dichroic mirror 14 
and enters the second SELFOC lens array 1 6. Then the 
stimulated emission M is converged onto the light re- 
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ceiving faces of photoelectric converter elements 21 . At 
this time, the stimulating light beam L reflected by the 
surface of the stimulabte phosphor sheet 50 is cut by 
the stimulating light cut filter 17. 
[0084] As shown in Figure 9, the line sensor 20 re- 
ceives a little more than 30% of the amount of stimulated 
emission M corresponding to the over-spread part d^, 
of course, in addition to the amount of stimulated emis- 
sion corresponding to the width d|^ of the line stimulating 
light beam L. 

[0085] Though, in this embodiment, the optical sys- 
tem between the stimulable phosphor sheet 50 and the 
line sensor 20 is a 1 :1 imaging optical system for the 
purpose of simplicity, the optical system may be an en- 
largement/reduction optical system. In such a case, the 
size of each photoelectric converter elements and the 
number of the photoelectric converter element arrays in 
the transverse direction of the line sensor may be de- 
termined according to the ratio of reduction or enlarge- 
ment. 

[0086] The signals Q obtained by photoelectric con- 
version of the stimulated emission M received by the 
photoelectric converter elements 21 are input into the 
adder means 31 . 

[0087] The adder means 31 stores in storage regions 
provided corresponding to portions of the stimulable 
phosphor sheet 50 the signals Q from the corresponding 
photoelectric converter elements 21 on the basis of the 
speed of the endless belt 40, and accumulates the sig- 
nals Q for the same portion of the stimulable phosphor 
sheet 50. 

[0088] This will be described in more detail with refer- 
ence to Figures 10 to 13, hereinbelow. 
[0089] It is first assumed that the line stimulating light 
beam L is focused on an extreme edge region SI as 
seen in the direction of conveyance of the stimulable 
phosphor sheet 50 (the direction of arrow Y) as shown 
in Figure 1 0. In this state, stimulated emission M is emit- 
ted from not only the region S1 but also the region S2 
on one side of the region S1 due to spread of the stim- 
ulating light beam L as described above and as shown 
by the stimulating emission distribution curve in Figure 
10. The amount of stimulated emission M emitted from 
the region SI is Q2. The stimulated emission of Q2 emit- 
ted from the region S1 is received by the photoelectric 
convertor elements 21 of the array 2 OB (Figure 3), 30% 
(=Q3) of stimulated emission emitted from the region 82 
is received by the photoelectric convertor elements 21 
of the array 20C. 

[0090] Each of the photoelectric convertor elements 
21 of the array 20B converts the amount Q2 of stimulat- 
ed emission M into an electric charge Q'2 and transfers 
it to the adder means 31 . The adder means 31 stores 
the electric charge Q*2 transferred from the photoelec- 
tric convertor element 21 of the array 208 in the memory 
(see Figure 13) corresponding to the region 81 of the 
stimulabte phosphor sheet 50 on the basis of the running 
speed of the endless belt 40. Similarly, each of the pho- 



toelectric converter elements 21 of the array 20C con- 
verts the amount Q3 of stimulated emission M into an 
electric charge Q'3 and transfers it to the adder means 
31 . The adder means 31 stores the electric charge Q'3 

5 transferred from the photoelectric convertor element 21 
of the array 20C in the memory corresponding to the 
region 82 of the stimulable phosphor sheet 50 on the 
basis of the running speed of the endless belt 40. 
[0091] Then when the stimulable phosphor sheet 50 

10 Is conveyed and the line stimulating light beam L comes 
to be focused onto the region S2, stimulated emission 
M is emitted from not only the region S2 but also the 
regions 81 and S3 on opposite sides of the region 82. 
The photoelectric convertor elements 21 of the array 

15 20A receives 30% (=Q4) of stimulated emission emitted 
from the region SI , the photoelectric convertor elements 
21 of the array 20B receives the whole stimulated emis- 
sion M emitted from the region S2, and the photoelectric 
convertor elements 21 of the array 20C receives 30% 

20 (=Q6) of stimulated emission emitted from the region 
S3. The photoelectric convertor elements 21 of the ar- 
rays 20a, 20B and 20C respectively convert the 
amounts Q4, Q5 and Q6 of stimulated emission M into 
electric charges Q'4, Q'5 and Q'6 and transfer them to 

25 the adder means 31 The adder means 31 adds the elec- 
tric charges Q'4, Q'5 and Q'6 transferred from the pho- 
toelectric converter elements 21 of the arrays 20A to 
20C to the preceding values in the memories respec- 
tively corresponding to the regions SI to S3 of the stim- 

30 ulable phosphor sheet 50 on the basis of the running 
speed of the endless belt 40. 

[0092] When the stimulable phosphor sheet 50 is con- 
veyed and the line stimulating light beam L comes to be 
focused onto the region S3 as shown in Figure 12, the 

35 adder means 31 adds the electric charges Q'7, Q'8 and 
Q'9 transferred from the photoelectric convertor ele- 
ments 21 of the arrays 20A to 20C to the preceding val- 
ues in the memories respectively corresponding to the 
regions 82 to S4 of the stimulable phosphor sheet 50 

40 on the basis of the running speed of the endless belt 40. 
[0093] The similar processing is repeated as the stim- 
ulable phosphor sheet 50 is conveyed by the endless 
belt 40 and the sum of the amount of stimulated emis- 
sion M emitted from each portion of the stimulable phos- 

45 phor sheet 50 is stored in the corresponding memory as 
shown in Figure 13. 

[0094] The image signal reading means 30a outputs 
the signals stored in the memories to an external image 
processing apparatus or the like and an image is repro- 

50 duced on the basis of the signals. 

[0095] Thus, in the radiation image read-out appara- 
tus of this embodiment, 30% of the amount of stimulated 
emission M corresponding to the over-spread part dyy, 
in addition to the amount of stimulated emission corre- 

55 spending to the width dL of the line stimulating light 
beam L, is received by the line sensor 20 the width (dp) 
of which is smaller the width {6^) of the stimulated emis- 
sion M as measured on the plane of the light receiving 



11 



BNSDOCID: <BP 1 143265A2J.> 



21 



EP 1 143 265 A2 



22 



face of the line sensor 20. Accordingly, the stimulated 
emission M corresponding to the over-spread part can 
be efficiently accumulated without increasing noise and 
without substantially adding to the cost. 
[0096] In the fourth embodiment described above, the 
line sensor 20 has photoelectric converter elements 21 
which are arranged in a straight line in each of the lon- 
gitudinal and transverse directions of the stimulated 
emission but the photoelectric converter eler^ents 21 
may be arranged in other patterns. For example, the 
photoelectric converter elements 21 maybe arranged 
zigzag in the transverse direction (the direction of arrow 
Y) of the stimulated emission and arranged in a straight 
line In the longitudinal direction (the direction of arrow 
X) as shown in Figure 14, and the photoelectric conver- 
ter elements 21 may be arranged zigzag in the longitu- 
dinal direction (the direction of arrow X) of the stimulated 
emission and arranged in a straight line in the transverse 
direction (the direction of arrow Y) as shown in Figure 
15. 

[0097] Further, in the radiation image read-out appa- 
ratus of the fourth embodiment, the optical system Is ar- 
ranged so that the path of the stimulating light beams L 
partly overlaps with the path of the stimulated emission 
M in order to reduce the overall size of the apparatus, 
the optical system need not be limited to such an ar- 
rangement. For example, an optical system in which the 
path of the stimulating light beams L does not overlap 
with the path of the stimulated emission M as shown in 
Figure 6 or Figure 7 may be employed. 
[0098] Further, in the embodiments described above, 
the line sensor may comprise a plurality of sensor chips 
each comprising a plurality of photoelectric converter el- 
ements. It is difficult to make a long line sensor as one 
chip though may be not impossible. Accordingly, as dis- 
closed in our Japanese Unexamined Patent Publication 
No. 2000-6631 6, from the viewpoint of easiness of man- 
ufacture, it is preferred that the line sensor 20 be formed 
of a plurality of small sensor chips each comprising a 
plurality of photoelectric converter elements. In this 
case, the chips may be arranged in a straight line in the 
longitudinal direction of the line sensor or zigzag in the 
longitudinal direction of the line sensor. Figures 16Ato 
16C show examples of arrangement of the small sensor 
chips. In the example shown in Figure 16A, small chips 
22 (e.g., CCD chips, amorphous silicon chips, MOS im- 
age sensors) are arranged in a straight line in the longi- 
tudinal direction of the line sensor 22. In the example 
shown in Figure 16B, small chips 22 are arranged zig- 
zag in the longitudinal direction of the line sensor 22 not 
to overlap in the transverse direction. In the example 
shown in Figure 1 6C, small chips 22 are arranged zig- 
zag in the longitudinal direction of the line sensor 22 to 
partly overlap in the transverse direction. An electric cir- 
cuit for correcting misalignment of pixels or the like may 
be disposed in the vacant region indicated at in Figures 
16B and 16C. 

[0099] Figures 1 6D to 1 6F show examples of arrange- 



ment of the photoelectric converter elements 21 in each 
of the small sensor chips 22. In the example shown in 
Figure 16D, the photoelectric converter elements 21 are 
arranged in a straight line in both the longitudinal direc- 
5 tion and the transverse direction. In the example shown 
in Figure 16E, the photoelectric converter elements 21 
are arranged In a straight line in the longitudinal direction 
but zigzag in the transverse direction. In the example 
shown in Figure 16F, the photoelectric converter ele- 
10 ments21 are arranged in a straight line in the transverse 
direction but zigzag in the longitudinal direction. 
[0100] The number of the photoelectric converter el- 
ements 21 in each chip 22 in the longitudinal direction 
of the line sensor 20 may be, for Instance, 1 0 to 1 00. 
15 [0101] The small sensor chips 22 may be arranged 
sideways as shown in Figures 16G to 161. 
[0102] By forming a long line sensor 20 by way of a 
plurality of small sensor chips 22 in this manner, produc- 
tion of the long line sensor 20 Is facilitated and the man- 
ufacturing yield is increased, which reduces the cost. 
[01 03] When the line sensor 20 is formed by connect- 
ing a plurality of small sensor chips 22, correction of mis- 
alignment of pixels can be effected more easily as com- 
pared with when the long line sensor is made as one 
chip since signals can betaken out separately from each 
chip 22. Especially, when the small chips 22 are ar- 
ranged zigzag in the longitudinal direction of the line 
sensor 22 to partly overlap in the transverse direction, 
the correction of misalignment of pixels can be effected 
more easily by the use of data from the overiapping por- 
tions. 

[0104] When a plurality of small sensor chips are ar- 
ranged in the longitudinal direction, it is preferred to ar- 
range the sensor chips not to form a dead zone between 
adjacent chips. When this is difficult, it is preferred that 
the image data be corrected to compensate for the dead 
zones so that the portions between the chips are smooth 
in the output Image. 

[0105] A radiation image read-out apparatus in ac- 
cordance with a fifth embodiment of the present inven- 
tion will be described with reference to Figures 17 and 
18, herelnbelow. In Figures 17 and 18, the radiation im- 
age read-out apparatus comprises an endless belt (a 
sub-scanning means) 40 which conveys a stimulable 
phosphor sheet 50 (storing thereon a radiation image) 
in the direction of arrow Y; a broad area laser 11 which 
emits a line stimulating light beam L 100p,m wide sub- 
stantially in perpendicular to the surface of the stimula- 
ble phosphor sheet 50; an optical system 12 which is 
formed by a combination of a collimator lens which con- 
denses the line stimulating light beam L emitted from 
the broad area laser 11 and a tone lens which spreads 
the light beam only in one direction, and projects a line 
stimulating light beam L onto the surface of the stimula- 
ble phosphor sheet 50; a pair of SELFOC lens arrays 
1 6 which are disposed on opposite sides of the line stim- 
ulating light beam L and converge the stimulated emis- 
sion M emitted from the stimulable phosphor sheet 50 
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upon exposure to the stimulating light L onto the light 
receiving faces of a pair of line sensors 20; a pairof stinn- 
ulating light cut filters 17 which cut the stinnulating light 
L in the stimulated emission M passing through the 
SELFOC lens array 1 6; the pair of line sensors 20 each 5 
of which receives the stimulated emission M and convert 
it Into an electric image signal; and an image signal read- 
ing means 30a provided with an adder means 31 which 
adds up the signals output from the respective line sen- 
sors 20. 

[01 06] The SELFOC lens arrays 1 6 image a light emit- 
ting region of the stimulable phosphor sheet 50 on the 
light receiving faces of the line sensors 20 in a natural 
size, and the optical system 1 2 f onned by the collimator 
lens and the toric lens enlarges the image of the line 
stimulating light beam L from the broad area laser 11 to 
a desired size, thereby changing the irradiation size, 
[01 07] As shown in Figure 1 9, each of the line sensors 
20 comprises a plurality of sensor chips 22 arranged in 
a straight line extending in the longitudinal direction of 
the line sensor 20. 

[0108] In this embodiment, the width of the stimulated 
emission detecting means is equivalent to the sum of 
the widths Wa and Wb (Figure 1 9) of the respective line 
sensors 20, and is such that 30% to 90% of the amount 
of stimulated emission corresponding to a part of the 
stimulated emission spreading beyond the width of the 
line stimulating light beam as measured on the plane of 
the light receiving face of the stimulated emission de- 
tecting means can be received in addition to the amount 
of stimulated emission corresponding to the width of the 
line stimulating light beam. 

[0109] It is preferred that the line sensors 20 be dis- 
posed as close to just above the line stimulating light 
beam L on the stimulable phosphor sheet as possible. 
Three or more line sensors may be employed as the 
stimulated emission detecting means. 
[0110] Operation of the radiation image read-out ap- 
paratus of this embodiment will be described, hereinbe- 
low. 

[0111] The endless belt 40 is driven to convey the 
stimulable phosphor sheet 50 stored thereon a radiation 
image in the direction of arrow Y in Figure 1 . The speed 
of the endless belt 40 or the stimulable phosphor sheet 
50 is input Into the image signal read-out means 30a. 
[01 1 2] While the broad area laser 1 1 emits a line stim- 
ulating light beam L about 100|xm wide substantially in 
perpendicular to the surface of the stimulable phosphor 
sheet 50. The line stimulating light beam L is converted 
to a parallel light beam by the optical system 12 (the 
collimator lens and the toric lens) and projected onto the 
surface of the stimulable phosphor sheet 50 substan- 
tially in perpendicular to the surface of the stimulable 
phosphor sheet 50 in the form of a line beam which ex- 
tends in the direction of arrow X on the surface of the 
stimulable phosphor sheet 50. 

[0113] The line stimulating light beam L impinging up- 
on the stimulable phosphorsheet 50 stimulates the stim- 



ulable phosphor in the area corresponding to its width 
and at the same time is scattered inside the stimulable 
phosphorsheet 50 to stimulate also the stimulable phos- 
phor near the area corresponding to the width. As a re- 
sult, the stimulated emission M is emitted from the area 
corresponding to the width and the area adjacent there- 
to in proportion to the amount of radiation energy stored 
thereon. The stimulated emission M enters the SELFOC 
lens arrays 16 and converged onto ihe light receiving 
faces of line sensors 20. The stimulating light beam L 
reflected by the surface of the stimulable phosphor 
sheet 50 is cut by the stimulating light cut filter 1 7. 
[0114] Each of the line sensors 20 converts the 
amount of stimulated emission M into an electric charge 
and transfers it to the image read-out means 30a. The 
image read-out means 30a digitizes the image signals 
from the respective line sensors 20 and the adder 
means 31 adds up the digital signals. 
[01 15] Also, in the radiation image read-out apparatus 
of this embodiment, 30% of the amount of stimulated 
emission M corresponding to the over-spread part, in 
addition to the amount of stimulated emission corre- 
sponding to the width of the iine stimulating light beam 
L, is received by the line sensor 20 the width of which is 
set according to the width of the stimulated emission M 
as measured on the plane of the light receiving face of 
the-line sensor 20. Accordingly, the stimulated emission 
M corresponding to the over-spread part can be effi- 
ciently accumulated without increasing noise and with- 
out substantially adding to the cost. 
[0116] Further, in the fifth embodiment since the junc- 
tions of the sensor chips 22 in the line sensors 20 (dead 
zones where the stimulated emission cannot be detect- 
ed) are staggered in the longitudinal direction of the line 
sensors 20, the dead zones can be compensated for by 
the corresponding censor chips in the other line sensor 
20, whereby generation of artifact or the like due to lack 
of detected stimulated emission can be avoided. 
[0117] Though, in the sixth embodiment, a pair of line 
sensors 20 are disposed on the same side of the stim- 
ulable phosphor sheet 50, a pair of line sensors 20 may 
be disposed on opposite sides of the stimulable phos- 
phor sheet 50 as shown in Figure 20. 
[0118] When the stimulable phosphor sheet 50 is an 
anisotropic stimulable phosphor sheet which emits the 
stimulated emission in a direction inclined at a predeter- 
mined angle to the direction of thickness of the sheet, 
spread of stimulated emission itself is suppressed and 
accordingly the stimulated emission accumulating effi- 
ciency can be further increased. As the anisotropic stim- 
ulable phosphorsheet, a partition anisotropic stimulable 
phosphor sheet where the stimulable phosphor layer is 
divided into a number of micro cells by partition mem- 
bers extending in the direction of thickness of the stim- 
ulable phosphor sheet can be employed. However, 
when the anisotropic stimulable phosphor sheet is 
formed by anisotropic deposition, the purity of the stim- 
ulable phosphor can be increased and the stimulated 
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emission emitting efficiency can be increased, which in- 
creases the stimulated emission accumulating efficien- 
cy. Further the anisotropic stimulable phosphor sheet 
formed by anisotropic deposition is more easy to control 
as compared with anisotropic stimulable phosphor 
sheets formed by other methods. 
[01 1 9] Though preferred embodiments of the present 
invention have been described above, the present in- 
vention need not be limited to the illustrated embodi- 
ments but the Illustrated embodiments can be variously 
modified. For example, the stimulating light beam 
source, the optical system between the light beam 
source and the stimulable phosphor sheet, the optical 
system between the stimulable phosphor sheet and the 
line sensor, the line sensor and the like may be variously 
modified. The radiation image read-out apparatus of the 
present invention may be provided with an image 
processing apparatus for variously processing the im- 
age signal obtained, an erasing means for erasing a re- 
sidual radiation image on the stimulable phosphor 
sheet, and the like. 

[0120] Further, a stimulable phosphor sheet for ener- 
gy subtraction, where a pair of stimulable phosphor lay- 
ers different in radiation energy absorbing properties are 
formed on one support film so that different radiation im- 
ages of the same object are simultaneously recorded, 
may be used. In this case, the stimulated emission M 
emitted from the respective stimulable phosphor layers 
is separately detected and the value of the image signal 
is subtracted pixel by pixel. 



Claims 

1 . A radiation image read-out apparatus comprising a 
line stimulating light beam source which projects a 
line stimulating beam extending in a main scanning 
direction onto a stimulable phosphor sheet storing 
thereon radiation image infomnation, a stimulated 
emission detecting means which receives stimulat- 
ed emission emitted upon exposure to the line stim- 
ulating beam from line portions of the stimulable 
phosphor sheet exposed to the line stimulating 
beam and converts the amount of stimulated emis- 
sion received to an electric signal, a sub-scanning 
means which moves the line stimulating beam and 
the combination of the line sensor and the stimula- 
ble phosphor sheet relatively to each other in a di- 
rection (sub-scanning direction) different from the 
main scanning direction, an image signal read-out 
means which reads out the output of each photoe- 
lectric converter element in sequence at the respec- 
tive positions at which the element is moved by the 
sub-scanning means, wherein the improvement 
comprises that 

the stimulated emission detecting means has 
a light receiving face whose width in the transverse 
direction of the line portion of the stimulable phos- 



phor sheet exposed to the line stimulating beam is 
such that 30% to 90% of the amount of stimulated 
emission corresponding to a part of the stimulated 
emission spreading beyond the width of the line 

5 stimulating light beam as measured on the plane of 

the light receiving face of the stimulated emission 
detecting means can be received by the light receiv- 
ing face In addition to the amount of stimulated 
emission corresponding to the width of the line stim- 

10 ulating light beam. 

2. A radiation image read-out apparatus as defined in 
Claim 1 in which the stimulated emission detecting 
means comprises a line sensor having an array of 
a number of photoelectric converter elements ar- 
ranged in the longitudinal direction and the image 
signal read-out means reads out the output of each 
photoelectric converter element in sequence in the 
respective positions to which the element is moved 
by the sub-scanning means. 

3. A radiation image read-out apparatus as defined in 
Claim 2 in which the size of each photoelectric con- 
verter element in the longitudinal direction is smaller 
than the size in the transverse direction. 

4. A radiation image read-out apparatus as defined in 
Claim 1 in which the stimulated emission detecting 
means comprises a line sensor having a two-di- 
mensional array of photoelectric converter ele- 
ments and the image signal read-out means is pro- 
vided with an operation means which carries out op- 
erational processing on the outputs of each photo- 
electric converter element with respect to the por- 
tions of the stimulable phosphor sheet. 

A radiation image read-out apparatus as defined in 
Claim 4 in which the line sensor comprises a plural- 
ity of sensor chips arranged in a straight line in the 
longitudinal direction of the line sensor, each com- 
prising a plurality of photoelectric converter ele- 
ments. 

A radiation image read-out apparatus as defined in 
Claim 4 in which the line sensor comprises a plural- 
ity of sensor chips arranged zigzag in the longitudi- 
nal direction of the line sensor, each comprising a 
plurality of photoelectric converter elements. 

A radiation image read-out apparatus as defined in 
Claim 4 in which the line sensor comprises a plural- 
ity of sensor chips, each comprising a plurality of 
photoelectric converter elements in both the longi- 
tudinal and transverse directions. 

8. A radiation image read-out apparatus as defined in 
Claim 1 in which the stimulated emission detecting 
means comprises a plurality of line sensor arranged 
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in the transverse direction and the image signal 
read-out means is provided with an operation 
means which carries out operational processing on 
the outputs of the line sensors with respect to the 
portions of the stimulable phosphor sheet. s 

9. A radiation image read-out apparatus as defined In 
Claim 1 in which the stimulable phosphor sheet is 
an anisotropic stimulable phosphor sheet which 
emits the stimulated emission in a direction inclined io 
at a predetemiined angle to the direction of thick- 
ness of the sheet. 

10. A radiation image read-out apparatus as defined in 

Claim 9 in which the anisotropic stimulable phos- *5 
phor sheet is formed by anisotropic deposition. 

11. A radiation Image read-out apparatus as defined in 
Claim 1 in which a collector optical system for col- 
lecting the stimulated emission on the light receiv- 20 
ing face of the stimulated emission detecting means 

Is disposed between the stimulable phosphor sheet 
and the stimulated emission detecting means. 

12. A radiation image read-out apparatus as defined in 25 
Claim 1 in which a stimulating light cut filter which 
does not transmit the stimulating light but transmits 
the stimulated emission is provided between the 
stimulable phosphor sheet and the stimulated emis- 
sion detecting means to preventthe stimulating light 50 
from entering the stimulated emission detecting 
means. 
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